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In motor learning, proactive interference has often beep cited as the reason for senal 
position effects ih<agii*l976j The mtwlenng eftect of previous items on the recall of sub- 
sequent rtems,in a rhovemenl sequence can readtlv'accoont tor the superior recall Of initial 
items, while the laitter ifems are recalled because they are still actve in memory and not sabject 
to extensive mterferen&e effects Items in the rr.iddle o^ a sequence are proactively and 
retroactively interfered with, so they are not fully encoded, and fiey are recalled poorly 
Although this explanation is compatible with the pievious one of distinct storage processes _ 
leading lo differential performances, the two inlerpi etat.ons of senal skill acquisition have rjot 
been used ^njunctivety ■ ' ■ ■ 

It isdifficuft to explain senal motor SKili acquisition because equivocall results have been 
reported iCratty, 1960, Magiil. 1976, Wnsberj, 1975, Zaichkowslfy. 1974) Wrisbergfound 
senahposrtion effects while the other lesearchers did not These disparate findings' seem to*e , 
explained tfest by (he differences m methodology, suCh as varying task demands and subject 
jjopuiations Jt adult learning is truly a recombination of previously learned Skills (Schmidt, 
, 1 975). then it is necessary to employ a theory to early mot* skill acquisition which provides a 
developmental explanation of learning stages as well as a descnption of how children utilize 
information within eadh stage' 

Neo-Piagetian Theory ' ^ 

Pascual-Leone t1970) added a quantitative parameter to Piagets (1952) theory of 
disconUntiOus cognitive stages to maKe functional the qualitative phenomena descnbed by 
Piaget Neo-PisgeUan theory i Pascual-Leone 1970 Pascual-LQone & Smith, 1969) was 
operationaiized for/esearch because it accounted foi the orderly progression of processing 

^ abiiiftUtirough developmental stages it was descnptve of the within-stage vanability (individ- ' 

I uai differences) in ter/ns otprobtem-soivmg capabilities ii e high and low M-processors, which 
IS a designation of a chikJs abmty to produce firobiem solutions), and it was a framework in 
which the components ot a lasK could be analyzed m order to determine how much information 
waslnherent m each task Additionally. neo-Piagetian theory does not require a beginning 
competence jevej of cognitive deveioprnent lor its postulates lo be tested, as it was designed to 
account lor those developmental stages through which a child progresses The neo Piagetian 
interpretation of ifearnmg would explain indivjduai difteiences in children s behavior on both 
- cognitive and ps/chomotor tasks thus making \\ more appropriate than other information- 
processing approaches tor studying the senal-position effect m children s motor.leaming, 
The significance of this approach for children s motor learning is thai the amount .of 

. intormation presented lo.a'chW can be quantified in terms of number of schemes (uijUts of 
information) In a levels ot processing approach U^raik & Lockhart. 1972), the venations in ^ 
encoding instructions presented to subjects is* ciiflicuit lo quantify Thd different instructions^ 
only sen/e to (Jrovide an encoding strategy to the subiecl. and it is difficult to determine if the 
results are actually due to depth ot processing iCraik & Lockhart. 1972), elaboration of ' 
encodirfg iCraifci & Tuiving 1975) or differential strategy usage Thus, the results of these 
studies are often ciouded because the amount of task information vanes in an unspecified 
manner wfiiie in neo-Piagetian investigations the amount of information is equal to a specified 
number of schemes / * ^ « / 

In neo-Piageti'^rt theory the existence of a central computing space (M-space/is 

- ptsslulated- This M-space is composed ol^ a structural componttnt CM, space), which }6 the 
'jpecific stage processing capacity and a functional component (MrSpace), whistVis that 
portion of the hf,-space a child utilizes at any particular moment' Vanationsjrj^htfutilfzation of 
M,-space have" allowed expenmenter* to dichotomize children intog^xl^ of high and low 
. M-processors Since the M^ space is assumed to be equivalent fo^ny child within a devel- 
opmental stage >t is the use of softie portion of the available pi ds^ssing capacity which defines 
a child as either a high or low M-processor- 

[Jitterences between high and low M-processorsV'tthin a developmental stage would 
lead to th0Tonciusi^n that mlorifnation which is learned best is that information which the child 

■ ^ * 
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a capaoie o( processing. and letainmg Any acldilioridi informatiori «6uld exceed the process 
<ng limits, and a decrement in later performance wlnen compared to earlier performance may 
be expected. Therefore, a senai position ^ffect can be explained Within a noo- Piagetian 
framewom in the following manner If sut)iects were low M- processors, a steady decline in 
motor performance would be expected as thp numlSer of response items to be recalled 
increased This is because the' low M-processofs generally process information in a I65s 
effectrveynanner when compared lo high M processuis at the same developmental stage (low 
M-proCeSsor^se less functional (^'Space> Additional information would extend beyond the 
proceesmg capaaty limits of the chiid s Sysiem and cause an increase m performance errors 
(ZaichKCwri^Ky, 1974^ Any lecency effect would be due to a small number of later presented 
items remaining active in memory. High J^- processors should produce a stronger'pnmacy 
recency' effect Since this group of children often use more of their M, space for. processing 
than used by low M-processors, they aie capable of geneiating strategies to facilitate the 
performance of tasKs ihat may appear to exceed then processing capacity ThiS would result in 
a strong pnmacy effect Motor i esponses in (he middle positioriS would i ecew e less processing 
attention because Ihey are presented ai a drrie wTien the imtiai iterriS aie being processes), and 
pertormance should decrease in a manner Simijar lo the low M processing group for middle- 
p)osition Items the lecency effect would then be evidenced within the ^gh M processing 
, ^ group due lo the processing strategies they would empioy The eaily resporse items becorrie 
U leamed and stored in memory, white the. middle lesponse items are not rehearsed because 
1 1 memory capaaty is unavailable due to the processing of the early^iesponse items Finally, the 
I later response items are pie&ented and they can be processed and learned similarly to the 
, .initial items because more of the processing capauty is available due to encoding of early 
- presented information , 

Within the parameters of neo- Piagetian theory, an appropnate motor tasls was designed 
. 10 test the possibility of a tjowed senai position curve cccuinng during the acquisition and recall 
1 of a senes of positioning lesponses Specifically, txith high and low M pi6cessors would show 
., a retention curve reiatecLio ordinal position of'the lesponse^lems Farther hypotheses wivch 
i,were tested were as follows ia> high'M-piocessors would evidence greater accuracy.and less 
|vanability m their ^performances than the low M pio(«ssois, tbj high M processors would 
lachieve more correct lesponses on the five- scheme las^ than the low M processors, while no 
pfference would exist between groups tor correct lesponses'on performance of the four 
^cheme task. 

\: ' ^ ' . - " • 

I Method ' 

I Subjects. Maies. dped 9 and 10 yr (lale concrete, e »4) frocn the fourth grade of two 
tallahassee puOJic schools, served as subjects Hand preference was not a critenon for 
selection iGerson & Thomas. 1977< Twenty subjects partiapated in the final experiment. 

Apparatus. The Figurai Intersection Test iFITj, descnbed elsewhere (Thomas & Ben 
der, 1 977), w^ iped initially to deterrmrje subjects for testag^ on the CTiterion task The FIT is 
a^per-and-pencii test which determines a child b cogmtive'problem soiling ibility The test is 
' obmposed of a sferies of overiapiping geometnt shapes frorrvwhich the subject must determine 
pie location of thejniersection sp^ce of the test figures Since the FIT is a measure of cognitive 
ptobiem-solving ability, other factors, such as IQ. lace. and socioeconomic status may be 
axtitacts affecting performanoe on this lest Howevei. de Avila and Ha/assey (Note 1) have 
sfiown thaHhese factors have no effect on perfoimance lelaled to high and low M processors 
Therefore, It was concluded that the/lT is a measuie of cognitive problem solving ability, and 
tfftis. it was .used to dichotomize the subjects into high and low M processing groups ' 

A total of 66 children were administered the FIT Based on a samQie mean score of 
44 57 tSD=28 Zpfs lO high and 10 low M-processors were selected High M processors were 
defined as thos^chiidren sconng more than 1 SD above the age gioup sample mean anjj low 
M-proceSsors were defined as children sconng moie than 1 SD below the mean The mean 

- ' V 
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score for the high M-processir>g group on the FIT was 83 40 «SD - 7 81^. and the mean score 
(Of the low M-processing group was 9 40 (SD=3^ i) 

The cntenon tcisk v*as a curvilfnear positioning task which has lieen described 
elsewhere iGerson & Thomds, 1977, Thomas & Bender, 1977; it consisted of a rpetal pointer 
-which rotated Jreely to transcribe an arc of 21 r 

Procedure A task aijatysis of the criterion lesponse per trial was performed as 
suggested bx Mitchell (Note 2j A tnai consisted of tt.e subject moving the pointeijo a randomly 
Chosen expenment^ dehnod stop These stops coffered on «ach tnai After a 1 sec pause at 
the stop, the subject returned the pointer (o the start position Thjs subject then moved the 
pointer to another stop. 30 greater than the first stop Following a I sec pause at the stop, the 
subject again returned the pointer to the start position This identical procedure was followed 
until the Subject contacted four experimenter defined stops After contacting each of the four 
stops, the Subject wai then asKed immediately by the expenmenier to leposilion the pointer 
mid-way between two of theiocation pants with the stop pegs lemoved This constituted one 
complete trial The task^analysis revealed this to be aiourischeme lasK, whi^h w^s devel- 
opmentally.appropnate lor the age of the subjects in the study The intertriai interv ai was 5 sec 

Subjects were asked to reposition the pointer mid-way between two location points, 
, lather than at a ipcation point because of certain prescriptions within neo-PiageDan theory 
During a reproduction movement a child must acbvate th»schemes for the two points chosen 
by the expenmertter Those locations must be retrieved from memory It is the' ability of the 
Children to i^trieve the appiopnate cues foi movement replication which defines fjigh and low 
M-processing capatMiity Furthermore the piovision of two location cues should provide more 
information from which the Subject either high or low M-processors, iouid ptodupe a correct 
cesponse , ■ * ' , . 

The task analysis was conducted t^y considering the response reciiirements the subject 
had to meet m orxler to formulate a correct response A correct response was a reproduction 
movement which the subject terminated between the two locatiop points described by the 
experin^apter An error was considered cis a leproduction response Ahich was not terminated 
between the chosen Ication points Foi the deveiopmentaiiy appropriate four scheme task, 
the child had to move to the, four expenmenter-defmed location poirjts This constituted the 
Cfitenon phase o^a triai in which the subject was Kinestheticaily informed of the four target 
locations m the sequence During the reproduction phase of a Iriai the subject had to reposition 
the pointer between two locations specified Oy the experimentei Th6 subject was (equired to 
activate three schemes to produce the leproduction movement. a,scheme corresponding to 
each of the two targe^ts and one for controlling the movement to a point between those two 
targets Thus, the task analysis resulted m the' repositioning phase of a trial being a three-, 
scheme task- -• 

The fact that the i epositioning task.was oniy a three scheme task does not indicate that 
better performances will occur The M demand of a task is determined by the maximum 
nuirlSer of schemes a subject must activate, at any one time In this case, four figurative 
schemes must be ac'bv^ted before the subject is toid whei e to i eposition the pointer Although 
the M-demand of the task may appear to be leduced any vanation in performance would be^j^ 
the result-of different steps the child processor progresses through 

Similar procedures were followed (or the same subjects when a fwe-scheme task was 
_ used A task analysis reveaiec^this lasK to be one scheme beyond the developmental stage of 
the Subjects The task analysis procedure was identical to the four schem^ task, and the , 
repositioning response on the five scheme tasKaiso became a thiee scheme task in a rnanner 
similar tp the way the demaijds of the four scheme task appearg^j to be reduced 

(^ith the apparatus piated directly in front of the subject at tabletop height, each subject, 
while seated m a chau. lecelvea 12 tnais ■orr'the foui scheme task and 16 tnals on the 
five- scheme ta^k so the number of lepioduction movements to each position would be equally 
leprfisented The only diiect feedback available to the subject was kinesthetic Visual feed- 
back was controlled by a curtain undei which the child placed the hand which grasped the 
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handle ot the curvilinear tasK Auditory leedback was controlled by the almost fnctionless 
movement of the pointer 

'r The order ot task presentation was coui^rbalanced for eacti subject to negate any 
possible practice-effects (Gerson & Thomas. iIt?, Additionally, the initial stop position on 
each tasK vras chosen at random The ontenon repositioning responses *ere also counter 
balanced within each task to negate any possit>le ofder effects for each subject 

Results 

To detetmine the effect of the presentation order on the sequential position of the 
repositioning response a 2 x 3 tgroups x positions; (actorial analysis" of vanance was calcu 
Hated tor the total number correct responses on the tour sclftme task Significant main effects 
were evidenced for groups, f t1.18j = 8n33. p-. 01, and positions. /(2,18) = 4 80, p - 05 A 
compansdn pt the mean scores tor groups shovjed that high M processors displayed a greater 
percentage ol-eorrect responses ireprodoction movements between the two chosen location 
points on each tnaij than low M-processor s (High - 74%. Low - 48%; A follow-up Newman 
K^is test on the position means was not sensitive enough to determine where the significant 
differences existed However, an inspection of the position means for correct responses (1 8, 
1 3, and 2 4, lor the three positions, i espoctTvely; showed that performance was best when the 
cnterfon position to oe lecaiied was presented as the rmdpoint of the last two Ideation points in 
the tour-scheme tasK iposition 3j. thus indicating the hypothesized trend in the data This 
recency effect tor ooth groups was further displayed by calculating and then plotting the 
percentage ot totai errors occurnng at eadj positiOR (McCrary & Hunter, 1 953) This procedure 
would yield an accurate assessment of the relative difficulty of recall within a sequence, as 
depicted m Figure 1 In the graph it is also shown that a primacy effect occurred for both 
groups The curves were almost identical in shape with the higt\ M processors exhibTting 
supenor performances at aH three positions - , 
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Fig ' 1 Percent recall errors on the four-scheme task 

A 2 X 4' (groups x positions) factorial analysis Of variance was jjerfprmed on the total 
number ot correct responses on the five-scheme task to determine a serial position effect All 
effects were nonsignificant Similar to the loui scheme task the percentage of errors mdde at 

» 
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each position on the e- scheme task was caicuiated and pKMed yF igure 2f H iS appai ent ihat 
the trend was Ibward a recency effect m motor recall, txjt only for Ihe high M-processors. 
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Fig. 2. Percent recall errors on the live-scheme task 

The deperKlent »anabies of total correct responses, mean constant errof, and mean 
»artat)(e error over all tnals vvere analyzed rAh a 2 * 2 tgrotips * schemes^ multivanate 
analysis of vanance The mam effects for groups, f (3. 16/^6 50, schemes, 
/^(3,16}=3i 63,p<- 05, and the group x scheme interaction were Significant, f(3,16;-4 45, 
p<.05. . > ' . 

Univanate analysis of «anance techniques were performed as follow-ups on each 
deperxteot •anabie It was found that uxred lesponses /leided significant main effects for 
groups, F{1,y)^ 7.31. P' 05,andforschemes.F(1,18; = 7 31.p<..05 The high M-processing 
grovel (mean^7 10; exhibited a greater number of correct responses than the lew 
M- processing group (mean'^S 50/. and performance on the fi»e- scheme task (mean^7.10; 
/lelcled more correct responses than performance on th^foui scheme tasK (mean»5.50;. 

Addibonally, to counteract any possible practte effects «hich may be associated with 
the five- scheme task, the percentage of correct lesporises made in letatton luthe lotai number . 
of responses was calculated^and ari analysis of »anance ^as performed on the correct 
responses for each task The percentage loi Ihe fr^e- scheme tasK (44%/ was almost identical 
to the percentage for the foui scheme tasK ^46%/ The analysis of vananc« revealed Ihem not 
to be significantly ditferent therefore, the difference in the mean number of correct responses 
was due to increased sampling of behavior on the five-«cheme tasK, and not to any practice 
effects. , • 

The univariate foltow up on the vanabte- error sccires yieideda significant main effect lor 
groups. r( 1.1 8)' 17 87, p 01 Inspection of (he means showed that the high M-processing 
'group (moan ' 1 9 S7~, exhitMted les& vanatNkty in then performance than the low^M-procassing 
group (mean* 28 39°) No other significant effects occuned with this measure. 

The follow up analysis of the constant error vanatxe /leided a significant scheme effect, 
f(1.18)-7 54.P 05. and a significant group x scheme interaction, f(1,18)« 13.28, p«..01. 
Inspecton of the mean scores foi Ihis variable i eveaied tfie cfrndien to be mue accurate on the 
five- scheme (mean ' 9 13^ than the tour scheme (mean 16.45~/ task. As seen m Figure 
3, the inteVactkm effect was due to the fact that high M- processors dispia/ed simiiat degrees of 
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accuracy ta both tasks. Howevei, the uw M-pfocassors were more accurate or (ho live- 
.scheme lasK «^ deiennined t>y a Newrmao Keuis lange :esty, Mtier. ,t iwoui^ tte expected that 
greater accuracy wooxt correspond t& the four scheme ueK because ,X was Jevetoptnentaity 
appropriate. 
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Fig. 3 Group x scheme interaction for oorut^t error (all scores are negative) 

Coaesponding *tth' the suggesbons of Newell t19'6; and Roy i1976), absolute, error 
was analyzed as an ackitionai measuie of lesponse accuiacy lo provide further evidence fa 
children s sKiii acquisiDoTi and the child s ^pabiiity lo acti< ate t^.e appropriate schemes A 2 x 2 
^groups A schemes/ factorial artaxysis of vdrtdrn.e «as performed Jfi the absotute asTOi scores 
for both the four _ and five-scheme lasKs There was a stgnificant maiQ effect for groups, 
f t1.18j*9-58.p -.01. with the high M-processors jmean - 18 63°) showing greater accuracy 
than the ipw M-processors tinean-27 9l'> The significanp group x schemes interacton, 
F{^^^6)'^S2\. 05. was^milar to the same significant interaction for constant error, 
nowevei , the absoiiite enm inter adiuri does show the important distnctori ^see Tigure 4^ that 
different inierpietation»ul (Tie pertw marines wete > eiated lu t^le partiUoaf dependent variables 
inspected, either at»oiute,oi Constant errot In othet words, the performance of the low 
, M- processing group •nevei exceeded the pertofmance uf the high M processing group on 
either task when absolute wror was the dependent measure ' ' ' 

f A Newman-Keuis range test on (he .nteractior. means showed that low M processors, 
as a group. wer,e significanHjjess acc^jrate ori the foui scheme task than on the five- scheme 
tasK, arid aiso. thai k>w M-fnocessors weie significant}; less au^iiate tf-ian high M processors 
on the loui-sqhemfrand five-schem€ tasKs There weie no significant cSfferences among the 
other ttiree sets of means (Km M-processufS $ve- scheme task, high M processors four and 
five-$cheni«L.tasks) — . ' "■ • . 



Discussion • 

.The hypotheses that both groups would produce a serial position effect related )c motor 
recall oo a deveiopmertlaily appropnate task, and that high M prpcassors would be more 
4^ccurate and less vanaote iharMtm M pim^ssurs. weie suppuried While these findings were 
Simiar to those of Wnsberg 1 1 975>. they were in contrast to results reported by MagiU (1 976} 
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and Zaichkowstfy i1974y Wnsberg i1975> conduded thai five motor responses woukj tie 
suffiaent to produce a senai leamirig effect The present study oan t>e laKeri as partial support 
for this statement since five items did produce a slight lecencj effect tor high M-process<xs.~ 
More pronounced was the effect on the toui scheme tasK It <s Ifierefore suggested that four o( 
live motor response items are suffiaent to produce a senai position effect in children s motor 
learning bot that the effect is jreatei nvfieri Ifie lasK demandS'aie deveiupmeritaily appropnate 
for the subjects (in tttts case, e-M). • ' •' 

Result^ir>dicated that the final h/polhesis was ■nconect'. No Jiff erence iMtween groups 
in correct respofwes gwas found on the five- scheme task, piobabfj because the task was 
beyond the developmentai processing capabilities of the subjects High M-processors <Sd 
perform sigmficantJy better orvJUe foui scheme tasK than did iov» M-pfocessors. This was 
attributed.to an uniden6fied txigr«&ve strategy foi theieteritiofiuliasK leievantujes developed 
b> the high M group If eart> motoi teaming iS uimposed of ootfi «erbai and motoi components 
Such that Subjects will tend to convert a novei motor stuli into a verbal problem to be sotved 
(Adams. 1 971>. then the high M- processors were mdie efficient at encoding and decoding the 
appropriate cues Their abibty to transform motor cues into more eiatiorate verbal- motor cues 
(schetnes/. and then to decode those schemes to produce effiaent motor responses was 
evidenced by their sopemr performarKe scores at all three positions (see Figure 1 >. 

It would seem that items presented early arxJ late in a sequence shOuld provide anchor 
points which allow a child (o exert a modest amount of cognitive control over the motor 
response ^Burvrtti, 1974>. if the response i^devetopmentaltj appropnate. Middle- sequence 
Hems do not seem to serve this functon, as is evidenced by the^i eater percentage of recall 
errors made on those responses in t>cith motoi and vertai teaming investigations. A logical 
conduston would be that it is the inabiftty of a child to process senai information rapidly enough 
wttich results in the senai position effect ^ ' ^ 

Anothet possible expiartation is that the performance differences may be related to the 
greatef^abilty of high M- pro{.e3sors to i etneve ipoi e acuii atety infoi maboriVorri the long term 
store, as weii as to retaui informatiuri bettei in the short term stoi e foi subsequent recall. While 
tow M processors were also capable jf empicryirig tfiese memory pioi-esses. they were less 
efficient than their )>ighM counterparts TTie seriai teaming curves plotted in Figure 1 and, to 
some degrM, those curves iQ Figure 2. tonespond with Gianzer s t1972> interpretation that 
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earlv items are retrieved trom long-ierm store, latei items are letneved from short term store, 
and middle items are retneved with the large&i amount of error because the>»arejii a state Of 
incomplete transfer between storage systems 

Explanations ol unexpected results, such as low M processors displaying better per 
lormance on'the tiv^scheme tasK than on the four scheme task, are 'currently unav,ailable 
within a motor teaming interpretati9n of neo-Piagetiari,lheory The most plausible (ftscussion 
<vouid De 10 relate the findings to inconsistencies in the tasK analysis whiCh is corxjucted on 
cognitrve and motor tasKs. as simtiar rtioior performance lesults lo the pr^ent ones.have been , 
found elsewhere 4Ger8on & Thomas. 1977; Additionally. Thomas and Bender i1977) have 
reported that Iheir motot performance data on correct lesponses did not equal the perfor 
mance data ori cognitive neo-Piageban lasKs iCase, 1972; There is obviously a need (or 
Closer scrutiny of neo-^i^getian theory before il is accepted as a c9nDpietely ^able explarfation 
for children s motor learnihg / • ' ' 

/ ' • Reference Notes 

1 de Aviia. E . & Havassey, B A field study conit>anpg neo Piageban and t^dmn^ 
capaciOes and acfiiBvement measures Report presented to the U S Department or . 
Health. Education, an'd Welfare. Jariuary 1974 

2 Nilitcheii, B Chiidrens processing of precision of Knoiniedge ot results Unpublished ) 
manuscnpt. Florida State University. 1976 , • 
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